Abstract Partner-age difference is an HIV-risk factor among young women in Africa, but the underlying mechanisms are poorly understood. We used nationally representative data among black South Africans (men: 3,530; women: 3,946) to examine the proportion of women in partnerships involving male partner concurrency by age of female partners and by age-disparate (C5 years) partnerships. Of all partners reported by men, 35 % of young (16-24) women were in partnerships involving male partner concurrency of 4 weeks or longer during the past 12 months. Young women in age-disparate partnerships were more likely to be in partnerships with men who had other concurrent partners (9 %; OR 1.88 p \ 0.01) and more likely to be connected to an older sexual network.
Introduction
In sub-Saharan Africa, the global epicentre of the HIV/ AIDS epidemic, a greater burden of the disease falls on women [1] . Young women face particularly high risk, with HIV prevalence two and a half to three times higher than that of their male peers [2, 3] . Marked partner age differences have been identified as one factor that increases HIV risk significantly among young women [4] [5] [6] [7] . However, there is still much that we do not yet understand about how age-disparate partnerships increase HIV risk. This information is necessary in order to develop interventions to reduce the role that these partnerships play in the spread of HIV.
Age-disparate partnerships are defined in this paper as heterosexual partnerships in which the woman is 5 years or more younger than her male partner. The underlying mechanism through which age-disparate partnerships increase HIV risk for women is generally hypothesized to be the HIV-age profiles among men and women. As HIV prevalence peaks 5 years later in men than among women [2, 8] , a young woman whose partner is older than she is more likely to have sex with an HIV positive man than a young woman with a sex partner of the same age.
The HIV infection risk for women attributed to sex with older men will be further exacerbated if age-disparate partnerships are associated with sexual behaviours that facilitate HIV transmission. Condom use appears to be one compounding factor, with unprotected sex being more common among women in age-disparate partnerships compared to women having sex within their peer group [9] [10] [11] [12] [13] . Our understanding of how other sexual risk factors like concurrency differ by partner age-gaps is limited [14, 15] .
Concurrent sexual partnerships among men-any temporal overlap of one or more sexual partnerships-have the potential to further compound the HIV risk to women in age-disparate partnerships if the partners of women in agedisparate partnerships are more likely to have other partners than the partners of women in similar age partnerships. An emerging body of evidence indicates that concurrency levels among certain younger, male populations in subSaharan Africa are relatively high [16] [17] [18] [19] [20] [21] . While different definitions and measures of concurrency in these studies make comparisons difficult, estimates of concurrency among young male samples (all under 30 years old) ranged between 25 and 44 %. As men generally have partners that are younger than they are [14, 18, 22, 23] , these findings indicate that any interplay between partnership age-gaps and concurrency may have practical significance for large proportions of young women.
Who men select as concurrent partners will determine whether there is any interplay between age-disparate partnerships and male concurrency. Concurrent and agedisparate partnerships would be positively correlated if both (or all) partners that men select to have concurrently tend to be significantly younger than the partners of monogamous men. Evidence to support this was not found in previous research [18, 24] . These studies were conducted among 14-25 year old South African men and women and it is unclear whether the findings generalise to older populations. Age-disparate partnerships could also increase the likelihood that young women are connected to a broader sexual network if men in concurrent relationships tend to select one partner of similar age to the partners of men in monogamous relationships and another, much younger women. Some evidence was found for this in a study of 15-49 year old men in Zambia: in univariate analyses, no relationship was found between concurrency and age-gap with primary partners, but a positive relationship was found between concurrency and age-gaps with the most recent non-cohabiting partners [25] . However, it remains unclear whether confounding factors influenced these results. This paper uses data on partnerships reported by men in a nationally representative survey in South Africa to examine whether the interplay between concurrency and age-disparate partnerships influences whether women are connected to a broader sexual network. Specifically, we assess whether young women in age-disparate partnerships are more likely to be connected to a broader sexual network than young women in partnerships with their peers.
Methods

Data
We used data from the second National HIV Communication Survey (NCS) conducted in South Africa between June and August 2009 and designed to be representative of 16-55 year olds. A multi-stage, sampling approach was used with stratification by province, district councils and area type. Primary sampling units (2001 census small areas) were selected based on probability proportional to size techniques; thereafter households, followed by individuals, were randomly selected within primary sampling units [26] . Of note, individual response rates were low with 58 % of selected individuals interviewed. Non-responders included ineligible households, households where nobody was at home and refusals. The questionnaire covered sociodemographic characteristics, exposure to HIV programmes, and indicators of HIV knowledge, attitudes and behaviour Relevant to the current study, data were collected on up to five of participants' most recent sexual partners, including dates of first and last sex, and anticipation about future sex (see Partner History Table, Supplemental Digital Content 1, for a list of relevant questions). We restricted the data to 16-49 year old participants and to the three most recent partners reported by respondents in order, as closely as possible, to follow the UNAIDS recommended protocol for measuring concurrency [27] . We also restricted the data to black African respondents (n = 7,476; men: 3,530; women: 3,946) given far higher prevalence rates of HIV [2, 28] , and concurrency [19, 29] , among this population group in South Africa.
Measures
Binary variables were created to identify partnerships with a 5 years or greater age disparity and those with an age difference of ten or more years. Indicators of individual concurrency were calculated according to the protocols recommended by the panel of experts convened by UNA-IDS [27] . A binary variable was created to indicate individual point prevalence of concurrency for participants who reported partnerships with overlapping dates at the point exactly 6 months prior to the survey interview. A binary variable was also created to indicate individual cumulative concurrency for participants who reported any partnerships with overlapping dates during the 12 months prior to the survey interview.
We then created a partnership roster including all female partners (up to three in the past 12 months) reported by men. The roster included measures of the age of both partners, the age difference between partners, whether the man reported another partnership with overlapping dates, and measures of partnership duration and the duration of overlap with another partnership. In addition, we created an indicator of whether the female partner was a 'primary' or 'additional' partner. All partners that did not overlap with another partner (i.e. the man was monogamous) were considered 'primary' partners. For overlapping partnerships, the self-perceived nature of each relationship was compared. Women in partnerships described as ''married'', ''living together'' or ''main partner'' were coded as the 'primary' partner. If the relationship with the other women was reported as ''a friend'', ''someone I've known for a while'', ''someone I just met'', or ''a one night encounter,'' then the other women in these concurrent partnerships were defined as 'additional partners.' In cases where the relationships of both (all) overlapping partners were given the same description, the woman in the longer partnership was considered the 'primary' partner and the other woman the 'additional' partner.
Analysis
We first present descriptive statistics on sample characteristics, age-gaps between partners and the prevalence of concurrent sexual partnerships among men and women. We then examine how the prevalence of concurrency among men varies by age. Using the partnership roster we created, we next assess, after controlling for men's age, whether age-differentials between partners are associated with partnership type.
Thereafter we assess whether patterns of male concurrency and partner age differences interact in a manner that increases the likelihood that young women with age-disparate partners are connected to a broader sexual network. We examined the proportion of 16-49 year old women in partnerships in which the man reported having another partner. This analysis was conducted by age of the female partner and by age-disparate partnerships. This novel approach helps overcome an important obstacle in research on concurrency: it is the sexual behaviour of one's partner(s) outside of an individual's partnership dyad that is important for individual risk of sexually transmitted infections, but perceptions about what one's partner is doing and with whom are unreliable at best [30, 31] . In this analysis we excluded partnerships of less than 4 weeks duration. The analysis therefore focuses on partnerships that pose higher HIV risk to women as the likelihood of acquiring HIV from once-off, or a few, unprotected sexual encounters is low [32] , and partners are more likely to use condoms when they have these short term partnerships [33] .
Multivariate logistic regression modelling was employed to check the robustness of the relationship between age-gaps and partner concurrency while controlling for partnership characteristics (duration), household characteristics reported by the male partner (urban versus rural and assets), and individual characteristics of the male partner (age, marital status, highest level of education completed, employment status).
Finally, within all partnerships involving partner concurrency, we examined the average age of the man's other partner by the age of the women in each reported partnership and by whether the partnership age-gap was 5 years or more. This analysis provides an indication of who women may be connected to in a sexual network. Where relevant, the statistical significance of differences between groups was derived using two-sample differences in means and proportions tests. All analyses were conducted with Stata 12.0 (Stata Corporation, College Station, TX, USA). All analyses were adjusted to account for the survey design and non-response.
Results
Descriptive statistics for men (n = 3,530) and women (3, 946) are displayed in Table 1 . The majority of participants were under 35 with a mean age of 28 for men and 29.5 for women. Participants had, on average, completed 9.7 grades of schooling, almost half the sample resided in rural areas and rates of marriage were relatively low. In terms of age differences in the most recent partnerships reported by women, a significant proportion (43 %) of 16-49 year old women were in partnerships with a man five or more years their senior. Among young women (16) (17) (18) (19) (20) (21) (22) (23) (24) their last sexual encounter in roughly a third of cases was with a man five or more years older than they were and 7 % with a man 10 or more years older than they were.
The point prevalence of concurrency among 16-49 year old men was 12 and 0.7 % among women, and the cumulative prevalence of concurrency roughly double these figures. However, as shown in Fig. 1a, b , there was significant variation in concurrency among men by age, with the prevalence of concurrency greater among younger men. Among 16-30 year old men, the point prevalence of concurrency was 6 percentage points greater (p \ 0.01) and the prevalence of cumulative concurrency 14 percentage points greater (p \ 0.01) compared to men 31-49 years old.
A total of 3,217 partnerships were reported by men for which valid dates were given for initial and most recent sex. The data on age differences indicate that men were five or more years older in 40 % of partnerships involving 15-49 year old women, and 36 % involving young women (16) (17) (18) (19) (20) (21) (22) (23) (24) . Sixty-five percent of all partnerships in the past year reported by 16-49 year old men involved only one female partner. The remaining partnerships were characterised by overlapping partnerships at some point, with 16 % of these partnerships with a women categorised as the primary partner and 19 % as the 'additional' partners in concurrent partnerships. Figure 2 shows the average age difference between men and their partners by partnership type and age. Results indicate that, on average, the age gap between men and their primary partners was similar for men up to the age of about 35, regardless of whether these primary partners were men's only partners or one of their concurrent partners. In contrast, the partners men selected as their additional partners in concurrent partnerships were generally younger than their primary partners, with the difference increasing as men get older.
Consequently, the proportion of age-disparate partnerships (5 years or more age-gap) were roughly 11 percentage points higher (p \ 0.01) in partnerships in which the woman Standard error in parentheses. Concurrency measures: The point prevalence of concurrency indicates participants who reported partnerships with overlapping dates at the point exactly 6 months prior to the survey interview. Concurrency at the time of the interview identifies participants who expected to have sex again with two or more recent sexual partners. The cumulative prevalence of concurrency indicates participants who reported any partnerships with overlapping dates during the 12 months prior to the survey interview a Highest grade of education excludes individuals who were studying at the time of the interview. All respondents who reported some tertiary education (men, n = 125; women, n = 114) were coded as having completed grade 12
was the additional partner in the man's concurrent partnership compared to partnerships involving the primary partner. Furthermore, there was more than twice the proportion of partnerships (41 vs 16 %; p \ 0.01) with an age-gap of 10 years or more among 31-49 year old men involving additional partners compared to primary partners. Focusing on concurrent partnerships reported by men, these patterns result in the man's other partner being significantly older than the women in age-disparate partnerships compared to women in similar age partnerships. For example, for 16-24 year old women in partnerships involving male partner concurrency, the man's other partner was, on average, 4.0 years older (p \ 0.01) if the age-gap between partners was 5 years or more compared to partnerships with an age-gap of less than 5 years (see Figure, Supplemental Digital Content File 2, for a graphical illustration). Figure 3 displays the proportion of women, by age, in partnerships reported by men during which the man had another sexual partner for longer than a month. The solid line (all partnerships) shows that the proportion of women whose partners have other partners varied widely by age. Thirty-five percent of women younger than 25 were reported to have been in partnerships involving partner concurrency, with a steady decline after 24 years of age until roughly 15 % of women older than 35 were reported to have been in such partnerships. Differences in the proportion of women reported to have been in partnerships involving male partner concurrency were observed by partnership age-gaps (dashed versus dotted lines), and this relationship varied by age. On average, 16-24 year old women were nine percentage points more likely to have a partner with other partners if their partner was five or more years older than them (p \ 0.01). This relationship held in the multivariate logistic regression that showed that women in partnerships reported by men had greater odds (1.88; p \ 0.01; 95 % CI 1.25-2.83) of having a male partner who had other partners if the partnership age-gap was 5 years or more (see Logistic Regression Model, Supplemental Digital Content 3, for details about this analysis). In contrast, the difference by partner age-gap in the proportion Indicators of individual concurrency were calculated according to the protocols recommended by the panel of experts convened by UNAIDS [27] . The point prevalence of concurrency indicates participants who reported partnerships with overlapping dates at the point exactly 6 months prior to the survey interview. The cumulative prevalence of concurrency indicates participants who reported any partnerships with overlapping dates during the 12 months prior to the survey interview. Values smoothed using lowess, bandwidth 0.3 Fig. 2 Average age difference between men and their partners by partnership type and age (n = 3,217). Three types of partnerships were identified: (1) the female partner was the man's only partner (i.e. the man did not report an overlapping partner in the past 12 months); (2) the female partner was the man's 'primary' concurrent partner; (3) the female partner was the man's 'additional' partner. Women in partnerships described as ''married'', ''living together'' or ''main partner'' were coded as the 'primary' partner. If the relationship with the other women was reported as ''a friend'', ''someone I've known for a while'', ''someone I just met'', or ''a one night encounter,'' then the other women in these concurrent partnerships were defined as 'additional partners.' In cases where the relationships of both (all) overlapping partners were given the same description, the woman in the longer partnership was considered the 'primary' partner and the other woman the 'additional' partner. Values smoothed using lowess, bandwidth 0.3 AIDS Behav (2014) 18:2469-2476 2473 of women 25 years and older in partnerships in which the male partner reported partner concurrency was small and not statistically significant (4 %, p = 0.204).
Discussion
Understanding how age-disparate partnerships increase HIV risk for young women is critical for the development of interventions to reduce the role that these partnerships play in the spread of HIV [4] [5] [6] . Using nationally representative data from South Africa, we found that more than a third of 16-24 year old women reported partners five or more years their senior. These data are consistent with other national survey data on age-mixing among 15-24 year old South African women which found that 32.6 % of partnerships had an age-gap of at least 5 years [34] . Our findings show that the odds of younger women (aged 16-24) being connected to a broader sexual network (i.e. being in partnerships with men who have other concurrent partners) were significantly greater for women with partners 5 years or more older than they were compared to women having sex with their peers. Furthermore, for young women whose partner had another partner, those in agedisparate partnerships were more likely to be connected to an older sexual network. The implications of these results for HIV-infection risk among young women is illustrated using nationally representative South African data from around the time of our study data collection. HIV-prevalence was 5.1 and 21 % among 20-24 year old men and women respectively, and 15.7 % and 33 % among 25-29 year old men and women respectively [2] . A 20-24 year old woman who has a partner five or more years older than herself, as opposed to her own age, is therefore roughly three times more likely to have sex with an HIV-positive man. Our data suggest that this woman's risk of HIV-infection may be increased further by two compounding factors. First, she is more likely to be in a partnership that involves partner concurrency (i.e. the male partner has another partner). Second, her male partner is more likely to be having sex with another women in the 25-29 years age bracket in which HIV prevalence is 36 % higher than that of women 20-24 years old.
We also found significant variation in concurrency by age, with levels of concurrency peaking among younger men (more than a fifth of men younger than 30 reported a concurrent partnership in the past 12 months) and then declining steadily among men older than 30 until roughly 10 % of men older than 45 reported having had concurrent sexual partnerships in the past 12 months. This pattern may explain why studies among 15-49 year old men in subSaharan Africa find lower levels of concurrency (less than 11 % point concurrency in many countries) [35] , than studies among younger sub-populations in the region [16] [17] [18] [19] [20] [21] 36] . In addition, we found that when men acquire additional concurrent sexual partners they tend to select secondary partners who are much younger than the women who are their primary partners. As a result of these factors, significantly greater proportions of young women appeared to be connected to a broader sexual network than older women, with 35 % of 16-24 year old women in all partnerships reported by men involving male partner concurrency of 4 weeks or longer during the past 12 months.
These patterns of concurrency have implications for how we think about the relationship between concurrent sexual partnerships and HIV-infection risk. The UNAIDS recommended protocol for measuring concurrent sexual partnerships stipulates that the prevalence of concurrency be measured among 15-49 year olds [27] . Consequently, a large proportion of concurrency research, and hence of the implications drawn, has been focused on concurrency within general adult population samples. For example, Sawers's (2013) [35] reviewed the prevalence of concurrency in 15-49 year olds in Demographic and Health Surveys samples from sub-Saharan Africa. He found the prevalence was generally low and concluded that concurrency cannot play a significant role in the HIV epidemic and, therefore, that HIV-prevention efforts should focus attention elsewhere. Our results indicate that the point prevalence of male concurrency is greater in those under 30 years old. This combined with the patterns of agemixing may generate densely interconnected sexual networks in subpopulations within the 15-49 year old population. These findings point to the need to refine our Fig. 3 Male partner concurrency (partnerships in the past 12 months in which the man reported having another partnership with overlapping start and end dates) for all women in partnerships reported by men (n = 2,963), women in age-disparate partnerships (n = 1,132) and women in partnerships with\5 years age difference (n = 1,831). Partnerships of less than 4 weeks duration were excluded. Values smoothed using lowess, bandwidth 0.3 thinking away from concurrency's impact on HIV transmission in the general population and towards the risk that different patterns of concurrency may pose to different subpopulations and the mechanisms through which this may occur. In particular, further work is needed to assess the role that concurrency plays in HIV infection risk among young women, especially young women with older partners. In addition, as seven percent of women under the age of 25 in our sample reported more than one partner in the past 12 months, research is also needed on the relative role that concurrency (among men) versus multiple partnering (among women) plays in HIV infection risk for young women.
There are several limitations to our study. As with all data on sexual behaviour collected via face-to-face survey interviews, social desirability bias may have influenced measures of concurrency [37] . Measures of concurrency derived from partnership history tables and dates of first and last sex may also be influenced by the censoring of information on partners [38, 39] , and recall bias [40] . Importantly, we had to use data on partnerships reported by men to assess male partner concurrency in female partnerships. We do not know how accurately these partnerships represent partnerships involving women in South Africa. In addition, non-response in the NCS was high and we did not have data to conduct an analysis of nonresponse. We therefore do not know whether non-response was random and we cannot be sure that the results are representative of the South African population.
A randomised experiment conducted in Kenya found that information given to teenage school girls about the relative risk of HIV infection by partner's age resulted in a decrease in teen pregnancy and a substitution away from older partners towards same-age partners [41] . Results from our study point towards an additional mechanism for differences in relative risk by partner-age. Further research is required to determine whether patterns of concurrency in other populations support our findings and ultimately whether the relationship between partner concurrency and age-gaps does increase HIV-infection risk for young women. This information could prove useful for message framing in future prevention efforts that employ messaging about relative risk by partner's age.
